Abstract: Androgen receptor is a transcription factor that plays a crucial role in the development of prostate cancer. Androgen receptor cofactors and androgen response genes are tightly connected to the androgen receptor transcriptional activity. In our study we built and analyzed a network which consist only of these groups of genes. In the constructed network we could identify a number of gene modules which potentially can be used as new biomarkers candidates for prostate cancer.
Introduction
Prostate cancer (PCa) is one of most frequent oncological diseases in men in Western industrialized countries. Up to date PCa is curable when detected at the early organ confined stages. The identification of PCa in early stages is therefore one of the top priorities of modern cancer research. A fundamental role in the development of PCa, as well as in the growth, differentiation and maintenance of healthy prostate, play androgens -steroid hormones responsible for male reproductive function and behavior [1] . Effects of the androgens are mediated by the specific transcription factor -androgen receptor (AR). In its inactive form AR is located in the cytoplasm of the cell in complex with heat-shock proteins. Upon ligand (androgen) binding AR homodimerizes and translocates in the nucleus where it binds to the specific sequences on the DNA known as androgen response elements (AREs) [1] . It may also recruit cofactors -proteins that either enhance (i.e. coactivators) or reduce (i.e. corepressors) AR transactivation (see Fig. 1 ). The aim of our work was to explore in detail the function of the complex "AR, AR cofactors and ARE containing genes" and to investigate the possibility of using one gene or groups of genes as biomarker(s) for PCa detection. For this purpose we constructed a network, further addressed as "AR-network", based specifically on these three groups of genes. Using various techniques we detected a number of modules in the AR-network, ranked them and investigated their ability to differentiate between cancer and benign tissue samples. 
Methods
Construction of AR-network. For our study we initially chose 1913 genes: AR, 162 genes known to be AR cofactors and 1752 genes reported to be androgen controlled (containing AREs). The AR-network was inferred from microarray datasets GDS3111 and GDS2782 for LNCaP cell lines treated with dihydrotestosterone (DHT), downloaded from GEO (Gene Expression Omnibus) database. Both datasets had been generated using the platform GPL570 (Affymetrix Human Genome U133 Plus 2.0 Array). After normalization and data preprocessing a total number of 1692 genes were chosen for the AR-network construction. The C3NET method [3] which is based on mutual information (1) was used for inferring the network
Identification of gene modules. Groups of genes were identified using hierarchical clustering.
Validation of results. In order to find out which of the gene groups might be biologically meaningful, we, first, ranked them based on the enrichment analysis of gene ontology terms. Second, we investigated the ability of highly ranked gene clusters to function as biomarker candidates and determine their discriminatory ability when comparing PCa versus non-PCa cases. For this step we used a SVM (support vector machine) classifier. Validation was performed on the GDS1439 and GSE32982 datasets containing expression data of benign, clinically localized and metastatic 
Results
Upon construction of the AR-network using mutual information we were able to identify more than 60 gene modules of various dimensions. After ranking, we have chosen 18 modules for further investigation. One third of them could discriminate between PCa and non-PCa cases with various accuracy levels (Tab. 1).
As an example, we present here module No.6 (Fig. 2) which showed the highest accuracy (74.2%) of predicting PCa and non-PCa cases in the validation sets. AR cofactors are marked in green and ARE genes -in blue. One can immediately see that in this AR-network module AR cofactors tend to be the hubs centers. Enrichment analysis was performed to significantly (pvalue < 0.05) associate Gene Ontology (GO) annotations to the genes in module No.6 using Genecodis web-based tool [4, 5] . The following GO terms were enriched in our group of genes: protein binding (Molecular function (MF)), pathways in cancer (KEGG pathways (KEGG)), focal adhesion (KEGG), small cell lung cancer (KEGG), p53 signaling pathway (KEGG), melanoma (KEGG), cell differentiation (biological (BP)), axon guidance (BP), intracellular protein transport (BP), cell migration (BP), protein export from nucleus (BP) and others (Fig. 3) .
Discussion
Using our proposed discovery strategy we were able to construct and analyze the AR-network with respect to AR cofactors and ARE containing genes. Our aim was to identify single genes or biologically meaningful groups of genes which might be used as new biomarker candidates for PCa prediction. We could define a number of gene modules which showed significant accuracy of distinguishing between PCa and non-PCa cases in the validation sets. These promising results together with GO associations of the genes will help us to construct hypotheses for further validation of the results in the wet-laboratory.
